was measured after 30 min (Titertek Mulitskan microelisa plate reader, Flow Laboratories, Inc., McLean, VA).
Infectivity assays. Plants (2-leaf stage) of "Spirit" sweet corn (Zea mays L.; Rogers Seed Co., Boise, ID), "Westford" barley (Hordeum vulgare L.), yellow foxtail (Setaria glauca (L.) Beauv.), "Lodi" oat (Sativa avena L.), "Bonel" rye (Secale cereal L.), "Golden Acres TE7" sorghum (Sorghum bicolor (L.) Moench.), and "Tomahawk" wheat (Triticum aestivum L.) were inoculated manually with 1:10 (wt:vol) extracts as described (14) . Inoculated plants were grown in a greenhouse under natural light at 17 to 32°C.
Maintenance of WCM and infestation of plants. Wheat curl mites (Kansas culture) were of the same source and maintained on Tomahawk wheat as described (15) . Plants used as a source for WCM for HPV acquisition were assayed by ELISA for HPV and WSMV prior to use. Identity of WCM used in this study as Aceria tosichella was confirmed by J. W. Amrine (West Virginia University, Morgantown).
To acquire HPV, leaf pieces from WCM-infested wheat (negative in ELISA for HPV and WSMV) were clipped to HPV source plants (Westford barley), and WCMs were allowed a 24-h acquisition access period. WCMs were then transferred manually (using a hair glued to a wooden dowel) from HPV-infected source plants to the test hosts. The WCM and HPV source plants and test plants were covered with plastic cages before and after infestation, as described (15) .
Minipurification, SDS-PAGE, estimation of relative molecular masses, and Western blotting of proteins. Extraction and minipurification of HPV protein followed the procedure of Lane (6, 7) , and relative molecular masses were calculated from densitometry measurements described (16) . The method of Laemmli (5) was used for SDS-PAGE.
Electrophoretic analyses were conducted at least twice using extracts from different plants for each species tested. Healthy plant tissue samples were treated and tested identically to test samples for all determinations.
For Western blotting, plant extractions and separations by SDS-PAGE and transfer of proteins onto nitrocellulose membranes were done as described (14) . Alkaline phosphatase antirabbit goat antibody was Barley (Hordeum vulgare), cheat (Bromus secalinus), corn (Zea mays), oat (Avena sativa), rye (Secale cereale), and wheat (Triticum aestivum) were infected by a Kansas isolate of the High Plains virus (HPV) in greenhouse experiments, but several other grass species were not. Infection of a host was dependent upon wheat curl mite numbers. Although both green foxtail (Setaria viridis) and yellow foxtail (S. glauca) are found naturally infected by HPV, only yellow foxtail could be infected in greenhouse experiments. Field sampling (1994 to 1996) of symptomatic yellow foxtail showed that it is a good indicator of the presence of HPV, with 252 of 278 symptomatic plants testing positive in enzyme-linked immunosorbent assay (ELISA) for HPV, 2 of 278 for American wheat striate mosaic virus, and 1 of 278 for johnson grass mosaic virus, whereas 23 of 278 symptomatic plants were negative for all viruses tested by ELISA and were not infectious in back-assays. used for immunoblotting as described by Bollig and Edelstein (1) .
Field sampling of yellow foxtail and other species. Plants were collected and placed individually in self-sealing plastic bags. Bags were held in a cooler and transported to the laboratory for processing in ELISA and infectivity assays.
Host range. Grasses and sources of seed used in host range studies are listed in Table 1. Grasses were planted into soil-filled "plant cells" (Stuewe & Sons, Corvallis, OR) and were infested at the 2-to 3-leaf stage with WCMs as described above. Following infestation, the plants were held in a greenhouse under natural lighting at 18 to 32°C, rated for symptoms 28 days after infestation, then tested by ELISA against HPV and WSMV antiserum as described above. Symptomatic plants were tested individually, and nonsymptomatic plants were bulked. Barley plants infested with WCMs that had fed on HPV-infected plants served as HPV-positive controls, and barley and test plants infested with WCMs that had fed only on healthy wheat served as HPV-negative controls. A test was considered valid for HPV transfer when at least one barley control plant became infected by HPV. Each species was tested in three experiments to determined if it could be infected by HPV.
RESULTS AND DISCUSSION
In initial experiments, each plant was infested with 5 WCMs. This was similar to the number used in studies of WSMV (19) and the wheat spot mosaic pathogen (9, 10 The host range determined for HPV differed from those reported for WSMV (19) and the wheat spot chlorosis pathogen (9,10; Table 2 ). The HPV infected cheat (Bromus secalinus L.), barley, maize, Victory oat, rye, and wheat, but it differed from the other pathogens by not infecting stink grass, witch grass, fall panicum, proso millet, switch grass, johnson grass, and "Atlas" sorghum. The HPV-infected oat, cheat, barley, rye, and wheat all exhibited mosaic symptoms interspersed with chlorotic spots. Occasionally, chlorotic spots appeared on control plants infested with pathogen-free WCMs. Some plants of each species testing positive in ELISA also were minipurified, and the extracts were separated by SDS-PAGE with a counterpart gel being used for Western blotting. A 33-kDa band was present in the SDS-PAGE, and this band reacted to the HPV probe in Western blots (data not shown). Unless otherwise stated, the positive threshold for ELISA was set at 0.100, because at this level of response the 33-kDa band could be identified consistently in SDS-PAGE and by Western blotting (16) .
Other species tested, but not infected by HPV, included tall wheat grass (Agropyron elongatum = Thinopyrum ponticum (Podp. Fall panicum 2 P. maximum Jacq.
Guinea grass 2 P. miliaceum L.
Proso
Eastern gamma grass 3 Triticum aestivum (L.)
"Tomahawk" wheat 1 Zea mays L. in
, brome mosaic virus, and American wheat striate mosaic virus (AWSMV) and was not infectious by mechanical transmission to wheat. Yellow foxtail was not tested as a host for WSMV (19) or the wheat spot chlorosis pathogen (9, 10) . When green foxtail tested positive for HPV, it also routinely tested positive for WSMV. Green foxtail is listed as a host for WSMV (19) but was not tested in the wheat spot chlorosis pathogen studies (9, 10) .
Yellow foxtail seedlings (2-leaf stage; seed source from Kansas State University-ARCH) were infested with WCMs (50/plant) that had fed on HPV-positive Westford barley. In these experiments 7 of 20, 1 of 10, and 4 of 15 yellow foxtail plants were symptomatic, respectively, and extracts from symptomatic plants tested positive in ELISA for HPV. Subsequent experiments were conducted using nonviruliferous WCMs to infest the HPV-infected yellow foxtail from the first (one source plant HPV ELISA = 0.616) and third of the earlier experiments (one source plant HPV ELISA = 0.255). These WCMs (50/plant) were then used to infest 20 yellow foxtail plants and 10 Westford barley plants in each of two experiments. In the first experiment, 2 yellow foxtail and 3 barley plants tested positive for HPV; in the second experiment, 1 yellow foxtail and 2 barley plants tested positive in ELISA for HPV. These results demonstrated that the WCMs can acquire HPV from yellow foxtail and subsequently transmit HPV to yellow foxtail and Westford barley. Although naturally infected green foxtail from the field had a 33-KDa band in SDS-PAGE and Western blots (data not shown), it could not be infected with HPV in three greenhouse experiments, using either a culture of HPV or HPV mixed with WSMV, even though it was infected by WSMV from the mixed a Unless otherwise stated, minimum positive thresholds for ELISA were set based on previous work: American wheat striate mosaic virus (AWSMV) was set at twice the value for the equivalent healthy control (13), HPV at 0.100 (15) , and wheat streak mosaic virus (WSMV) at 1.4 times the equivalent healthy control (15) . b Samples were also negative in ELISA against WSMV, maize dwarf mosaic virus (MDMV), sugarcane mosaic virus strain MDMV-B, brome mosaic virus, AWSMV, and Agropyron mosaic virus antisera. c All samples not testing positive in ELISA against any antisera also were not infectious when mechanically (finger) inoculated onto "Westford" barley, "Country Gentleman" corn, "Lodi" oat, "Bonel" rye, and "Tomahawk" wheat. d JGMV = Johnsongrass mosaic virus. e … = not tested.
culture. The foxtail data neither prove nor disprove a relationship of HPV to WSMV or the wheat spot chlorosis pathogen. The relationship remains speculative pending culture of the other two pathogens. Our inability to infect green foxtail in greenhouse experiments may represent variability in WCMs and their ability to transmit HPV to different hosts.
Yellow foxtail was the only species found singly infected by HPV in 1994 field tests, and was thought, therefore, to be an indicator of HPV in the field. To examine this hypothesis, yellow foxtail was assayed during 1995 and 1996 field tests to determine the reliability of using it as an HPV indicator. In 1995, field samples of only yellow foxtail collected at four different times and locations (totaling 64 symptomatic plants) were tested (Table 3) . Positive ELISA values for HPV were obtained for 49 plants, none were positive for WSMV, and 15 tested negative against all antisera. Most of the plants testing negative in ELISA were collected on 24 August 1995 and could represent plants that had very low HPV titer, that were infected by viruses other than those tested for, or whose symptoms on the plants resulted from physiological response(s) from an unknown stimulus. Symptomatic yellow foxtail plants testing negative in ELISA for HPV and WSMV (24 August 1995 sample) were minipurified and the proteins separated in SDS-PAGE, then tested by Western blot for HPV (Fig. 1A and B) . In the counterpart gel stained with Coomassie blue R-250, lanes 1 through 10 show bands of approximately 32 to 33 kDa not present in the extract from healthy yellow foxtail (lane 11) but with similar locations to those of the HPV control in lane 10 (white outlined arrowhead; Fig. 1A ). The plants used for extracts in lanes 1 (doublet bands) and 4 (single band) were negative in ELISA for HPV, and those in lanes 2, 3, and 5 through 9 were positive in ELISA for HPV. Lanes 12 and 13 contain extracts from healthy barley and wheat, respectively. The ELISA values for extracts (1:30, wt:vol) in lanes 1 through 10 were 0.031, 0.114, 0.118, 0.025, 0.113, 0.164, 0.127, 0.165, 0.115, and 0.232, respectively, and 0.006 for the extract from healthy yellow foxtail (lane 11). When tested in Western blotting, the bands in lanes 1 and 4 of the counterpart gel (arrows) did not react to the HPV probe, whereas the 33-kDa protein (white outlined arrowhead) from tissue positive in HPV did react to the probe, as did the bands from the other ELISA-positive samples for HPV (Fig. 1B) . The mosaic symptoms of the plants in lanes 1 and 4 and the bands seen in SDS-PAGE (Fig.  1A) could result from a different pathogen or a serotype of HPV. The plants from which the extracts were obtained were small because of drought conditions and subsequently died before attempts could be made to isolate a pathogen from these samples. Tissue in the last two samples having ELISA values of 0.054 and 0.050 reacted to the HPV probe in Western blotting; therefore, the minimum threshold for these two sampling periods was lowered to those values, and symptomatic plants reacting in Western blots were included with the total number of plants with values of 0.100 or greater.
On 20 August 1995, yellow foxtail and symptomatic green foxtail, witch grass, stink grass, crab grass, and prairie cup grass plants adjacent to symptomatic yellow foxtail were sampled at two different locations (Table 4) . At location 1, 18 of 20 yellow foxtail were positive for HPV and 2 were negative in ELISA. Of the symptomatic species near these yellow foxtail plants, only green foxtail tested positive for HPV and, in each instance, it also was infected by WSMV. Witch grass was infected by WSMV and AWSMV, and the stink grass and crab grass by WSMV. At location 2, 20 of 29 yellow foxtail plants tested positive for HPV and 9 were negative in ELISA. Among other species at location 1, only green foxtail tested positive for HPV, and each HPV-positive plant was also positive for WSMV. The remaining 53 green foxtail plants tested positive for WSMV only. Witch grass was infected either by WSMV or AWSMV, as at location 1. All prairie cup grass plants were infected only by WSMV.
In 1996, 278 symptomatic yellow foxtail were sampled from the field, of which 252 (90.6%) tested positive in ELISA for HPV; 2 tested positive for AWSMV (ELISA values of 0.887 and 0.511, respectively; healthy control 0.081) and 16 plants (8%) were negative in ELISA ( Table 3 ). The single symptomatic yellow foxtail plant testing positive against johnson grass mosaic virus antiserum was negative for HPV. Extract (1:10, wt:vol) from this yellow foxtail plant was infectious to sorghum and oat. The resulting symptomatic sorghum and oat tested positive against only johnson grass mosaic virus antiserum. Yellow foxtail has not been reported as a host for johnson grass mosaic virus (8) . All symptomatic yellow foxtail testing negative in ELISA (value below 0.100) were tested by minipurification and Western blotting. Plants with ELISA values as low as 0.054 reacted in Western blots to the HPV probe. Thus, for that particular set of samples, the positive ELISA threshold was set at 0.054, and samples having ELISA values at or above this value and positive in Western blotting were rated as positive for HPV infection. At the last sampling, the minimum threshold was lowered to 0.050 based on Western blots. One sample testing negative in ELISA for HPV and WSMV again had a doublet of bands migrating in the same position with respect to the HPV 33-kDA band as observed in 1995 (Fig.  1A) , and again this doublet did not react to the HPV probe in Western blotting (data not shown). In addition, one sample also had a single band in SDS-PAGE with a relative mass of approximately 39 kDa, which did not react in Western blotting (data not shown). These two samples and all yellow foxtail plants testing negative in ELISA were not infectious when used to mechanically inoculate yellow foxtail, corn, barley, oat, rye, sorghum, and wheat.
Our results indicate that hosts of the HPV include cheat, corn, barley, oat, rye, green foxtail, yellow foxtail, and wheat. Infection of cheat, oat, and rye was dependent upon the number of WCM used to infest them. In the field, green foxtail was found naturally infected by both HPV and WSMV. Yellow foxtail also was found infected naturally by HPV in the field, but never by WSMV. Yellow foxtail was infected by HPV in greenhouse experiments using WCMs, but green foxtail was not. Three years of field testing of symptomatic yellow foxtail indicated that it is a good indicator of HPV. Since yellow foxtail is immune to WSMV (17, 20) , it may also be a source for obtaining pure cultures of HPV.
